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Description 

BACKGROU ND OF THE iWVFiimnM 
HLED OF THE INVENTION 



DESCRIP TiON OF THE RELATED ART 

S^^ani'JiS «!X ^-f*- """"emann. 2nd. Edition. Planum Press NY 

f l"^ Surfaces D.E Leyton. Gordon and Breach Science Publ. NY 1986) that ^n Importanraspert 
of the durable oil and water repellency that is Imparted to surfaces by hydrolyzable flJorocaAon stenT^S. i S 

groups on the substrate. This is achieved by inital hydrolysis of the hydrolyzable groups on the silane to si^nZ^ 
T^^Z'^'f condensation with the functionality on the subJtrateTe r^ SS^^^rgrSS^Sre'TS^ 
m^um bonding sites « to use a silane containhg the maximum hydro^rable groups on the silicon atom. S b 

SUMMARY OF THE INVEWTIQM 

STJJltr f ^'^ "^"^ *>°^ ^ ha, been found which involves 

P°^™ ^««^. such as a polysiloxane. containing many silicon atoms, with^Tv™ 3 
«ie hydrolyzable group per silicon atom. With many hydrolyzable groups on the entire siloxane rZi^l^ r^ttlS 
silanol groups will befom«d in the hydrolysis and thesesiland groups m^condense with the^ 
durable fluorocarbon siloxane stmcture on the surface of the substrate «»iiniMo am nigniy 

pmoq Thus according to the present invention, siloxane compositions have been discovered that incomorata (m\ 

"""^ Of oil and water rjilency on treated suSj^ (bTkS^ZS 

S/S^rrr ,^1*"* "^'^ ^"^^^ are used, and (c) a multplfcij of^SoT- 

pomj Furthermore, unlike the solvent based fluorocarbon siioxanes of the prior art spectroscopic data have shown 
jat the aqueous fluorocarbonsllane emulsions of this invention contain the sikJ« inTSS^nXSlT- 

emulsrons 01 this invention do net pemiit the hydrolyzed sBanes to further s If-condense to high molecular weioht 
7o^aTS^.:S!T'^ ««™ctureswhilein.hisemulsmedstate.TI,eseaqueous mulsloTarT^et^yS' 
to long tem, storage Of oney ar or more, are stable to broad ranges of pH. from about 2.5 to ab ut 9 0. are «lS^to 



EP 0 748 357 B1 



temp ratures of BO^O or gr a!er, and f requentty are stable to repeated freezing and thawing conditions without under- 
going coagulation and precipitation of the sibxane. 

[0008] Thus the present invention provides (1 ) nov I polym ric fluorocart)on sll xanes represented by the formula: 

* RifOSi(R3)(ORi)],{OSi(R,,)(OR^)ly{OSi(R^)(ORi )]^OR, 

where x = 1 to 100, y = 1 to 10 times x, z = 0 to 5 times x; R, = the same or different {CH2CH2-0}„,R2 with m = 
0 to 5 and R2 = to C3 alkyt Rg = -Z{CH2>n, where Rj = perfluoroalkyl of 3 to 18 carbons, n = 1 to 3 and 2 = -CHg- 
70 or -O; Rb = {R3)2N(CH2CH2N(R^p CHgCHgCHg- and p = 0 or 1 . Ra = H or O, to C3 allcyl; and R^ = C, to 0,2 hydrocarbyl 
or halogen-contaming hydrocarbyt, phenyl, substituted phenyl, or cyanoalkyi and (2) novel aqueous emulsions com- 
prising 0. 1 to 40 weight percent of the polymeric fluorocarbon sibxane and (3) coated surfaces comprising a substrate 
having deposited and dried thereon the novel emulsion. 

[0009] The method according to the present invention of preparing stable polymeric fluorocart)on siloxane aqueous 
IS emulsions comprises the steps of: 

(a) condensing an effective amount d; 

(i) one or more perfluoioailcyl allcaxysilanes of the formula: 

R^-SifO-R^)3 . 



20 



where Rg = Rf-Z{CH2>n and R, = perfluoroalkyl of 3 to 1 8 carbons, n = 1 to 3, and Z = -CH^- or -O; and 
2S R, = the same or different {CHaCHg-OteRa with m = 0 to 5 and Rg = C, to C3 alkyi, 

(it) one or more substtuted aminoalkyi allcoxysiianes of the formula: 



30 



3S 



40 



Rb"SI{0-R,)3 

where R^ = {R3)2N<CH2CH2N(R3)^fCH2CH2CH2- and p = 0 or 1 . R3 = H or C, to allcyl. and optionally 
(iii) one or more hydrocart>on silanes of the fomiula: 

R^-Si{O.R,)3 (4) 

where R^ = Ci to 0,2 hydrocarbyl or halogen-containing hydrocarbyl, phenyl, substituted phenyl or cy- 
anoalkyi 

thus producing a polymerb fluorocarbon siioxane represented by the formula: 

R,{OSi(R^)OR,)l,fOSi(Rb){OR,)ly{OSi(R,)(OR,)],-OR, 



where x = 1 to 100, y = 1 to 10 times x, z = 0 to 5 times x; = the same or different {CHgCHg-Q^Rg 
45 withm = 0to5andR2=a,to C3 alkyl; R^ = Rf -2{CH2>„ where R,= perfluoroalkyl of 3 to 18 carbons, n = 1 

to 3 and 2 = -CHg- or R^ = (RafeNCCHgCHaNR^p CH2CH2CH2- and p = 0 or 1 . Rg = H or to C3 alkyI; 
and Rg = C, to C^g hydrocarbyl or halogen-containing hydrocarbyl, phenyl, substituted phenyl, or cyanoalkyi 
and 

^ (b) suspending from 0.1 to 40 percent by weight of sakJ polymeric fluorocarbon siloxane in water containing an 

effective amount of an emulslfier of an HLB value of at least 1 4 to simultaneously retain said polymeric fluorocarbon 
sibxane in a substantially totally hydrolyzed state and inhibft said polymerb fluorocarbon sikaxane from appreciable 
self-condensation and an effective amount of acb to at least partially neutralize the aminoalkylsilane (l\) moieties 
thus forming a reactive aqueous emulsbn. 

55 

[0010] One object of this inventtan is to produce hydrolyzable polymeric siloxane compositions that can readily be 
fonnulat d into aqueous emulsbns without the use of organb solvents, and whbh exhibit long term storage stability 
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10 



IS 



20 



2S 



30 



40 



operations. nuoracanxxi siianes without the need for special curing 

DESCRIPTION OF THE PRFPF.RRED EMBQniMCKrre 

£0011] The compounds of this invention are polymeric siloxanes of the following fom«ila: 

Rl-t0-S^4^4-0-Si-~|^4-0-^.-4pRj 

Rb Rc 

which for purposes of this invention is also represented as: 

RiiOSi(R.KOR, )],iOSi(R^)(OR, )IyfOSi(R^)(OR, )]^-OR, 

or.«.ogen^taininghyd«x«^^ 

KUS'c^r^trreX™^ 

throughout the structure fie randomLL^otTiJ^ ^ V- z occurrence may be randomly distrbuted 
■bloclcor partially blcS^iS^^ or some or a« of similar units may be grouped together (I.e.. 

(again n^ me^ -prSSSS JSi^^iTt^tJir 
A. One or more perfiuoroafi(yl aOaixysiianes of the fomwla: 



R,-Si<(>R,)3 



(2) 



B. One or mora substituted aminoalltyl altoxysilanes of the fomiute: ' 

whera = (R3)2N(CH2CH2N(R3), CHgCHaCfV and p = 0 orl. R, = H or C, to alkyi 
r r^"*^!^'^ f"^*""^ compositions are p = 0. R, = methyf or eSyl. and rJ = H ^ 

C. OptonaOy. one or more hydrocaibon siianes of the formula: 



(4) 
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where = C, to C,2 hydrocarbyl or halogen-containing hydrocarbyl, phenyl, substituted phenyl or cyanoalkyl. 

[001 4] EspecBlly preferred conpositions are = to Cg alkyl. phenyl, octyl, isobutyl or cyanoethy I and R, = methyl 
or ethyl. 

s [0015] The averag number of silane units containing th l\ moiety (L e., those derived from lormuta (2)) in the 
polymeric siloxane of formula (1) will range from 1 to ICQ (i e.. x = 1 to 100); the ratb of silane units containing l\ to 
the silane units containing is to be from 1 : 1 to 1 0:1 fie-. V = "* ^ 1 0 times x); and the ratio of silane units containing 
Re to silane units containing R^ Is to be from 0 to 5:1 (i.e.. z = 0 to 5 times x). 

[001 q The novel polymeric slloxanes of this Invention are prepared by condensing the formulae (2). (3) and (4) silane 
70 components in the desired ratio to achieve a balance of properties of emulsifiabillty in aqueous formulations and re- 
peliency protection when these emulsions are applied to substrates. In general, oil repellency of the substrates that 
have been treated with compositions of this invention Is related to the relative number of F\ groups in the resulting 
polymeric siioxane. Therefore the higher the ratio of R^ groups to R^ and R^ groups, the greater will be the oil repellency 
The water repellency is generally related on the sum of the Ra and Rc units. Where, for example, greater emphasis is 
75 placed on water repellency of the coated substrate than on oil repellency, a higher ratb of R^/Ra niay be used to reduce 
the cost of the product The emulsifiability of the siloxane in water to form a stable, low VOC aqueous emulsion is 
related. In large part, to the relative number of R^ units in the siloxane polymer (VOC = volatfle organic components; 
low VOC = less than 4O0 gm/liter of VOC, neglecting water, see ASTM Method D-3960). 

[0017] The polymeric sibxanes are prepared by combining compounds of formulae (2), (3) and. if required. (4) in 
20 the desired ratto. A catalyst is then added, such as a strong acid, or, preferably, a strong base such as sodium methoxide, 
and the mixture is heated. A specific amount of water Is then added very stowly resulting in partial hydrolysis of the 
trialkoxv silanes and condensation of the partially hydrolyzed siianes to iom a polymeric siloxane structure, with lft>- 
erallon of R,OH by-product. This by-product is removed continuously during the reaction. When the water addition is 
complete, the reaction is heated an additional period of time, usually 2 to 24 hours,' to ensure completion of the reaction. 
^ Then any residual traces of the by-product alcohol are removed under vacuum and the reaction catalyst is neutralized. 
Alternatively, the hydrolysis/condensatlon above may be can-ied out in multiple steps so that the (2), (3) and (4) are 
sequentially reacted so that they become clustered to form "blocked" type of polymeric siloxane structures. 
[0018] The amount of water added during the reaction will determine the molecular weight of the siloxane polymer 
and may be from {[(n2 + ng + n4yn2 ]-1 }(n2) to (n2 + nj + n4), where n2, n^, and are the number of moles of components 
50 of formulae (2), (3), and (4), respectively A slight excess of water, not to exceed 0.2(n2 + ng + n4). may be used. Greater 
** quantities of water will normally result In a highly crosslinked product whnh will be more difficult, or impossible, to 
emulsify in water, and also reduce the durability of the siloxane coating on-the substrate. 

[0019] Temperatures useful for preparing the polysiloxanes of this invention are those which will aDow the reaction 
to be completed in a reasonable period of time and typically range from 50*C to 1 SCC, preferably, from BO*C to 1 30*C. 
35 Solvents inert to the reactants may also be used in preparing the polysiloxanes, provided that they are removed when 
the reaction is complete. 

[0020] The polysibxane repellents of this inventbn are formulated into aqueous formulatbns for applicatbn to sub- 
strates to impart oil and water repellent properties. These aqueous formulations contain very low levels of volatile 
organic components (VOC) to avoid adverse effects on the environment during application and use. 

40 [0021] The siloxanes of this inventbn are readily emulsified to form water emulsions using standard, bw energy 
agitation methods. An emulsifying agent is used and the emulsion is initially made acidic wth enough acid to effectively 
neutralize some or all of the aminoalkylsilane ((\) moieties in the polymer. Any non-oxidizing add which will form the 
ammonium bn of the aminoalkylsilane is suitable, preferably a weak organfc acb such as acetic acid. Aqueous emul- 
sions may be prepared without the emulsifier, however, these do not possess long term storage stability. The sibxane 

45 rnay be present in the emulsion at an effective concentration, from 0. 1 wl.% to 40 wt.% based on the weight of water. 
Usually, for convenience, emulsbns containing from 8 to 20 wt.% are produced for storage and shipment, and later 
diluted to an effective, tower concentration before use. The emulsbns may also contain other additives, such as bio- 
cides, or cobrants. 

[0022] The aqueous emulsions preferably comprise up to 66.7 parts by weight cf emulsifier for every 100 parts of 
50 water. 

[0023] Emulsiflers suitable for forming stable aqueous emulsbns are those with an HLB value equal or greater than 
14. preferably greater than 16. The emulsifier is used at an effective concentration, from 5 to 100 wt% of the silane. 
preferably from 10 to 30 WL%. based on the silane weight. The emulsifier rray be cationto, non-bnte, or amphoteric in 
nature. Suitable emulslfiers include, but are not limited to, ethoxylated alkyl alcohol ethers, ethoxylated alkylphenols. 
55 ethoxylated polyalcohols and polyateohol esters. Cg to C^g alkyldimethylammonium salts, ethoxylated Cg to C^a 
alkylamme salts, alpha-trimethylamino fatty acb betaines. alkylamidopropylbetaines, alkylamidohydroxypropyl- 
sultaines, perfluoroalkyi amphoteric emulsrfl rs of the type R|CH2CHORCH2N(CH3)2CH2C02 (inner salt) wher R is 
H or ^tyl, perfluoroalkylthioalkyltrialkylammonium salts of the type F^:H2CH2SCH2CH0HCH2N(CH3)3 salts. 
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HO[Si(R,)(OH)J,[Si(R^)(OH)yOSi(R,)(OH)I^OH (5) 
Where x. y. 2. Ra. Fib, and Re are as defined above 

mdude awnings, tents, tarpaulms. rainwear, canvas, asbestos, fiberglass, natural fibere natural and swflhifc 
masonry substrates wh^ n«y be treated vJ^an^^L'SS^ 

wejgw concBte. gypsum, concrete blocks, cinder blocks, soft mud bricks. saL S^b^^^^^^^ 5S" 
Example 1 

Preparatton of 2-P6rtlUQfCBtlcviathvltrisf2-fg.mAt hoxvetho«vtethn«Y] «nan»- 

Snf 2-(2-methoxyethoxy)ethanol was added slowly to a mixtum of 960.8 gm (i 50 

mole) of 2-perfluoroalkylethyltnchlorosilane and 1100 ml ol heptane at 75«C. When the addition was conSete tS 

S prX "^"^ Off under vSiuTlS a cl^ 
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Example 2 

Preparatbn of copoVsibxane of 2-PerfiuorDalicvlBthvltrisf2-(2-m9tho)CV thoxv)ethoxvlsflane and 
3-aminoDropvltrietfiaxvsiiane: 

5 

[0029] 1 06.9 gm.(0. 1 2 mole) of the product produced in ExampI 1 was corr^ined with 79.6 gm.(0.36 mole) of 3-ami- 
nopropyttriethoxysilans. 1.04 gm.(0.004S mole) of sodium methoxide catalyst, as a 25% solution in methanol, was 
added and the mixture heated to 85*C. 8.37 Grams (0.465 mole) of water were added slowly and uniformly over a 
period of 140 minutes, with continuous removal of the byproduct alcohol. The reaction was then heated at 100**C for 
10 12 hours and at 120''0 for 4 hours. The mixture was vacuum stripped to remove volatile byproducts and then acetic 
acid was added to neutralize the catalyst leaving a light cream cobred viscous oH. 

[0030] 8.0 Grams of this siloxane were added slowly to a stirred mixture of 5.1 g of alpha-[2-acetoxy-3-(cari30xyme- 
thyl) dimethylammonlo)propyl]omegafluoropolytetrafluoroethylene hydroxide inner salt ("Zonyl' , FSK, containing acetic 
acid, DuPont Co.) amphoteric emulsifier in B6.9 g of water. When the addition was complete the clear emulsion of the 
IS siloxane was albwed to stand at ambient temperature for 48 hours before being used. Zonyl is a registered trade mark. 

Example 3 

Preparatfon of 2-Perfiuoroa!lcvlethvttriethoxv8nane 

20 

[0031] 1 25.6 Grams (^73 mole) of ethanol were added very sbwiy to a mixture of 41 6.3 g (0.65 mole) of 2-perfluor- 
oalkylethyltrichbrosilane and 350 ml. of heptane at 70*^0. When the addition was complete the mixture was heated for 
an additional 24 hours at 70^0. The solvent and excess alcohol was removed under vacuum to leave the clear cream 
colored liquid product 

2S 

Example 4 

Preoaration of copolvsiioxane of 2-Perfluoroallcvlethvltriethoxvsllane. methvltriethoxvsilane and 
3-aminopropvltriethQXVSiiane : 

so 

* [0032] 80.3 Grams (0.12 mole) of the triethoxysilane produced in Example 3 were combined with 64.1 g (0.36 mole) 
of methyttriethoxysilane and 53.0 g (0.24 mole) of 3-aminopropyltriethoxysitane. The catalyst, 1.30 g (0.006 mole) of 
sodium methoxide as a 25% solution in methanol, was added: the mixture was heated to 90^C; and then 1 2.40 g (0.690 
mole) of water was added very slowly and uniformly over a period of 145 minutes, with continuous removal of the 
35 byproduct alcohol. The mbcture was then heated at 100*^0 for 6 hoiirs. then cooled sRghtly and vacuum stripped to 
remove all volatile materials. The catalyst was then neutralized with acetic add, to give the slbxane. a pale yelbw 
viscous oil. 

[0033] An aqueous emulsion of the above stbxane was prepared by adding 8.0 g of the slbxane sbwly to an agitated 
mixture of 5. 1 g of amphoteric fluorocartDon emulsifier, "Zonyl* FSK, containing acetic acid, in 86. 9 g of water. The clear 
^0 emulsion was allowed to stand without agitation tor 48 hours to albw the final compositbn to come to equilibrium. The 
pH of the emulsion was 3.8. The average unimodal size of the particles in this emulsion was measured with a Coulter 
N4MD Particle Size instrument and found to be 13 nanometers. 

Example 5 

45 

[0034] A polysibxane composition was prepared as in Example 4 using 100.4 g (0.15 mole) of the triethoxysilane 
of Example 3, 26.7 g (0.15 mole) of isobutyitrimethoxysilane. G6.3 g (0.30 mole) of 3-aminopropyttriethaxysilane, 1.30 
g (0.006 mole) catalyst and 10.80 g (0.60 mole) of water. Following heating, stripping and neutralization of the catalyst 
a pale yelbw viscous product was obtained. 
so [0035] An aqueous emulsion of the above sibxane was prepared by adding 8.0 g of the sibxane sbwly to an agitated 
mixture of 2.4 g of an ethoxylated nonylpheno! nonionic emulsifier, 'Igepal' CO-970 (Rhone-Poulenc Co.). 0.8 g of 
acetic acid and 66.8 g of water. The clear, colortess emulsion was albwed to stand for 48 hours to albw the final 
composition to come to equilibrium. The pH Of the emulsion was 4.0 

55 Example 6 

[0036] A polysibxane was prepared by the procedure f Example 4 using 93.7 g (0.14 m le) of the triethoxysilan 
of Example 3. ^.6 g (0.14 m le) of n-octyttriethoxysilane. 46.4 g (0.21 mole) of 3-aminopropyltriethoxysnane 1.08 g 
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ured wrth a Coulter N4MD Particle Size instrument and fcind to be 97 nan«,»tej^ 

Example 7 

E« P™P^«^ ^ «*«"9 8.0 g Of the siloxane slowly to an agitated 

mixture of 2.4 g of the nonionc emulslfier. Igepal CO-970. 0.8 g of acetic acid ^d 88.8 g of water The cteaTcifoSS 
emuj.onwasallowtoetandfor48houn.to allow the final co^ 



Example B 

i S Jii^ 2S i 79.6 g (0.36 mole) of 3^inopropyltriethoxysilane, 1 .30 g (O.OOS mcSe) 

[M411 An aqueous emulsion of this sPoxane was prepared by adding 8.0 g of the sfloxane stowly to an aaitated 
mcrture of 5.1 g of "Zonyr FSIC. containing acetic acid, and 86.9 g of w^r The clear emuS^ STil^ to S^d 
wrthout agrtafon for 48 hou« to allow the final composition to come to equilibrium. The pH LT^STwiS 

Example 9 

[00421 An aqueous emulsion was prepared of the siloxane of Example-7 ushg a cationic emuisifier 8 0 o of the 
gapBrfluoreHC6-20-edM)tho)-N.^ 

clear colorless emulsion was allowed to stand without agitation for 48 hou4 to So^ the corrpoSfonof tSeT^isS 
to come to equilibrium. The pH of the emulsion was 4.2. cwiFosnion or me emulsion 

Example 10 

^^J!^TT ![!°/f^"«"'=y P-^P^rttes imparted by the emulsions, the emulsions prepared above were 

S^S^iTs i o7« ^T^"" T ."""^'"^"^ "'""^ '^^^ ^"""^ °* Textne Chemists and CokX) 

Method 118-1978 wherein oil and water ratings of 0 indicate no repeltency and ratings of 6 indicate the highest te^ 

ISn^^V^Slirrr*"? ^ ««« ^ Of -tive ingredient p^ square hch of subSTe.tS 
hZ^^ K " . *" ««ter for 30 minutes and again air dried for 24 

^^Ti.Sf'^ '^I" ^^^^ ^«*'«^ TT'* ^« 'feted in tSTi a^d S»w the 

excellent repellency properties of these notml compositions. 

Table I 



Repellency Perfomiance Of Sibxane Emulsions Oil/Wfaler Repellency Ratinos 


Example Mo. 


Wood 


Glass 


No Treatment 


0/0 


0/0 


2 


5/6 


6/6 


3 


2/3 


6/6 


4 


3/4 


6/5 


5 


2/5 


6/6 
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Tablet 


(continued) 




Repellency Performance Of Siloxane Emulsions Oil/Vteter Repellency Ratings 


Example No. 


Wbod 


Glass 


6 


4/4 


6/5 


7 


S/4 


6/8 


B 


4/4 


6/B 



70 Example 11 

[0044] A polysiioxane was prepared by the procedure of Example 4 using 1 06. 9 g (0.1 2 mole) of the silane of Example 
1 , 21 .4 g (0. 1 2 mole) of isobutyltrimethoxysilane, 26.5 g (0. 1 2 mole) 3-aminopropyltriethoxys!lane. 0.78 g {0.0038 mole) 
of catalyst and 5.40 g (0.30 mole) of water. After heating, stripping and neutralization of the catalyst, a light yellow 
75 Viscous product was obtained. 

[0045] An 8.0% aqueous emulsion of this siloxane was prepared by adding 8.0 g of the siloxane to an agitated mixture 
of 5. 1 g of 'Zdnyl' FSK amphoteric emuisifier (containing acetic acid)ln 86.9 g of water. The clear emulsion was aibwed 
to stand for 72 hours to allow the composition to equfllbrate before testing. 

20 Example 1 2 

[0046] A polysiioxane was prepared by the procedure of Example 4 using 1 06.9 g (0. 1 2 mole) of the silane of Example 
1, 79.6 g (0.35 mole) 3-aminopropyltriethoxysiIane. 1.04 g (0.0048 mole) of catalyst and 7.56 g (0.42 mole) of water 
After heating for 24 hours at 1 00*^0. stripping and neutralization of the catalyst, a lightyeDow liquid product was obtained. 
25 [0047] An 6.0% aqueous emulsion of this siloxane was prepared as in Exan^le 11 . 

Example 1 3 

[0048] A polysiioxane was prepared by the procedure of Example 4 using 60.3 g (0.12 mole) of the triethoxysitane 
30 of Example 3, 33.6 g (0.12 mole) of octyltriethoxysilane. 26.5 g (0.12 mole) of 3-aminopropyltriethc»cysilane. 0.78 g 
' ' (0.0036 mole) of the catalyst and 5.40 g (0.30 motes) of water. After heating, stripping and neutralization of the catalyst, 
a light yellow, viscous product was obtained. 

[0049] /Vn 8.0% aqueous emulsion of this siloxane was prepared as in Example 9. 

55 Example 14 

[0050] The emulsbns of Examples 8. 11, 12, and 13 were diluted to 2% active ingredient and applied to several 
porous substrates at the rate of 10 mg of the active ingredient per square inch of surface. The coated substrates were 
dried for 24 hours, then rinsed under mnning water for 30 seconds. The test pieces were again dried for 24 hours and 
40 the water and oil repellency determined by the AATCC Method 118-1978. In this Method, oil and water ratings of 0 
indicates no repellency, and ratings of 6 indicates the highest level of repellency. The ratings are given in Table II, 
showing the excellent repeflency properties that were achieved with these coatings. The rating of a connmercial repellent 
coating, Thompson's W^erseal. is included for comparison purposes. 



REPELLENCY PERFORMANCE OF SILOXANE EMULSIONS 
Oil/Water Repellency Ratings 


Example No. 


Pine Wbod 


RadBricIc 


Concrete 


f^o Treatment 


Q/0 


0/0 


0^ 


B 


5/3 


5/2 


5/4 


11 


6/2 


5/3 


4/4 


12 


4/3 


4/4 


4/4 


13 


5/4 


5/4 


4/5 


Thompson*s Waterseal 


0/3 


0/3 


0/3 
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Claims 



1. A polymeric fluofocaibonsllxan repr sented by the g n ral fomiula: 

RrrOSi(R.XOR,)]rfOSi(RkXOR,)l7tOSi(R,)(OR,)]r-OR, 

3. Apolymaricfluo«««bon8ilo«neo«Claim2wharehp = O.R, = m^ 

4. A polymeric fluorocarbon siloxane of Claim 3 wherein R -r t^n ^lu^ u 

« ^aim d wneren - H to Cg aikyi, phenyl, octyl. Isobutyl or cyanoethyl. 

R,fOSi(R,)(OR,)),fOSi(R,)(OR,)JyfOSi(R,)(OR,)],OR, 

2 = -CHa- or J (B^tSi^^ P^rfluoroalkyl of 3 to 18 cart«ns. n =1 to 3 arrf 

C, toC,JhydrocaS.or^haC^SSS?^ir£^r^^^^ = 
amount of an emulsifiar havino an HLB JiJ^T^jVTT' f"^**** Phenyl, orcyanoalkyl. andan effective 

• Siloxane a totall/SSSSS^^^ 

densation and an elST^^J^^ SSSX"" fluorocarton sllo^cane from appreciable self^- 
fomting a reactive aqt^^ToJ acri to at least partal^ neutratee the aminoalkylsilane (f^ moieties thus 

7. An aqueous emulsion of Claim B wherein p=O.R,= methyl or etfvl and R3 = H. 

a An aqueous emulsion of Clah. 7 wherein Ro = C, to Ce alicyl. phenyl, octyl isobutyl or cyanoethyl. 

RifOSi(R.)(OR,)J,fOSi(R,)pR,)]yPSi {R.)(OR,)]^-OR, 
Where X = 1 to 100. y =1 to 10 times X. 2 = 0 to 5 times x: R, = the same or different 

-f-CHsCHr-0-^ 




3 

phenyl, orcyanoalkyl 
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and an ffective amount of an emuisifier having an HLB vaius of at least 14 to simuttaneousty retain said 
polymertc f)u6rocart)on siloxan in a totally hydrolyzed state and inhibit said polym ric f)uorocart)on siloxane from 
appr ciable self-condensation and an effective amount of acid to at least partially neutralize the aminoaHcylsilane 
moieties thus forming a reactive aqueous emulsion. 

11. A coated surface of Claim 10 wherein = mixed perfluoroallcyl groups with an average of 6 to 12 carbons, Z = 
-CHg-, n =1 , m =0 and Rg = ethyl r methyl 

12. A coated surface of Claim 11 wherein p =0. = methyl or ethyl and = H. 

13. A coated surface of Claim 12 wherein R^ = C^ to alkyl, phenyl, octyl isobutyl or cyanoethyt. 

14. A method of preparing an aqueous emulsion of a polymeric fluorocart)on siloxane comprising the steps of: 

(a) condensing in the presence of a catalyst an effective amount of: 

(i) one or nrtore perfluoroallcyl alkoxysllanes of the formula: 

R^^l{0-R,)3 

where Ra = Rf -Z^CHgfe and R| = perfluoroalyl of 3 to IB carbons, n = 1 to 3, and Z = -CHg- or -O; 
and R^ = the same or different ^H2CH2 - Q^Rg with m = 0 to 5 and Rg = C^ to C3 alkyi, 

(ii) one or more substituted aminoalkyi alkoxysllanes of the formula: 

Rj^^KOR,)3 

where R^, = (R3)2N{CH2CH2-N(R3)^p (CHgCHgCHg} and p =0 or 1. R3= H or O, to C3 alkyl. and opttonally 

(iii) one or more hydrocartx)n silanes of the fomiula: 

R^^KO-Ri)3 ' (4) 

where R^ = 0^ to C^g hydrocarbyl or halogen-containing hydrocarbyl phenyl, substituted phenyl or 
cyanoalkyi, thus producing a polymeric fiuorocartxm siloxane represented by the formula: 

Rr^Si(R.)(OR,)]rfOSi(R*,)(ORO]rfOSi(Rc)(ORi)^ 

where x = 1 to 1 CX). y =1 to 1 0 times x. 2 = 0 to 5 times x; R, = the same or different {CHgCHg-O^mP^ 
with m=0 to 5 and R2 = C, to C3 alkyl; Ra = Rf 'ZiCH^k, where Rf = peifluoroalkyi of 3 to 18 carbons, n 
= 1 to 3 and Z= -CHg- or 

- (R3): N(CH:C:H:N^)v (CHrCHzCHzf 

and p = 0 or 1 . R3 =H or C, to Ca alkyl; and R^ = C, to C^g hydrocartsyl or hak)gen-containing hydrocarbyl, 
phenyl, substituted phenyl or cyanoalkyi, arxi 

(b) suspending from 0.1 to 40 percent by weight of said polymeric fluorocarbon sibxane In water containing 
an effective amount of an emuisifier having an HLB vsUue of at least 1 4 to simultaneously retain said polymeric 
fluorocarbon sHoxane in a totally hydrolyzed state and inhibit safci polymeric fluorocarbon siteaxane from ap- 
preciable self-condensation and an effective amount of add to at least parttedly neutralize the aminoalkylsllane 
(Ri^) moieties thus forming a reactive aqueous emulsion. 

15. A m thod according to Cteum 14 wherein Rf = mixed perfluoroalkyi groups with an average of 6 to 12 carbons. Z 
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= -CH2-. n =1, m =0 and = ethyl or methyl. 

16. Am thod according to Claim 15 wherein p = O.Ri=m thyl or ethyl and R^sH. 

17. A method according to Claim 16 wherein R, = C, to Cg allcyl phenyl octyl, isobutyl or cyanoethyl. 

PatentansprOehe 

1- Polymeres Fluorkohlenstoff-Sfloxan. dargestelit durch die aflgemeine Formel: 

R, ^OSi{RJ(OR, )l,^OSi(R^,)(OR, )ly40Si{R^)(0R,)]^OR, 

worin X = l^bis 100. y = 1- bis 10-mal x. z = 0- bis 5^1 x; R, = glebhes Oder unterschiedllches iPH^CH,OV^ 
R2mrtm = 0bis5undR2 = Ci-blsC3-Afkyl; ^ z 2 

Ra = RrZ-{CH2)„-, worin R,= PerfluoralkyI mit 3 bis 18 Kohlenstoffalomen, n = 1 bis 3 und Z = -CHp- oder -0-- 
Rb = (RaWHzCHaNCRshjp-CHgCH^CHs- und p = 0 oder 1. R3 = H oder C,- bis Ca-Alkyl; und Re= C,- bis 
Hydrocarbyl oder Habgen-haltiges Hydrocarbyi. Phenyl, substltuiertes Phenyl oder Cyanoalkyl. 

^ S^k'^o^^^^^ ^^'"^'^ 1. worin R,= gemischte Perfluoralkylgruppen mit durchschnitt- 

iicn 6 OB 12 Konlanstonen, 

Z = -CHg-, n = 1 . m = 0 und Rg = Ethyl oder Methyl. 

Polymeres Ftuoitohlenstoff-Sflaxan nach Anspruch 2. worin p = 0, R, = Methyl oder Ethyl und R3 = H. 

Polyrneres Fluorkohlenstolf-SllQxan nach Anspruch 3. worin R, = C,- bis Ce-Alkyl. Phenyl. Oclyt. Isobutyl oder 
Cyanoethyl. 

5. WaSrige Emulsion, umfassend 0. 1 bis 40 Gewichtsprozent, bezogen auf das Emutetons-Gewicht. eines poiymeren 
Fluorkohlenstoff-Sitaxans. das durch die folgende Formel dargestelit wird: 

Ri ^OSi(R^)PR, )]^40Si(R^)(0R, )ly40Si(R,)(0R^ 

worin X = 1 bis 100. y = 1 - bis 10-maI x. z = 0- bis S-mal x; F^ = gleiches oder unterachiedliches -fChUCHpO-) a> 
mit m = 0 bis 5 und \ -z z /m -z 

Rg = Ci- bis Ca-Alkyl; Rg = RrZ-CCHg^, worin R, = PerfluoralkyI mit 3 bis IB Kohlenstoffatomen. n = 1 bis 3 und 
Z = -CH2- Oder -O; 

Rb = (R3)2N(CH2CH2N{R3).)p-CH2CH2CH2- und p = 0 oder 1 . R3 = H oder C^- bis Cg-Aikyl; und = C,- bis C«- 
Hydrocarbyl oder Halogen^altiges Hydrocart>yl. Phenyl, substltuiertes Phenyl odor Cyanoalkyl. und eine wiricsame 
Menge eines Emulgators miteinem HLB-Wert von mindestens 14. urn gleichzeltig das polymere Fluori(ohIenstolf- 
Sitoxan in einem vollstandig hydrolysierten Zustand zu halten und das polymere Fluorirahlenstoff-Siloxan an einer 
mertclichen Selbstkondensatkxi zu hindem. und eine wiricsame Menge SSure, um die AminoaIkylsilan(RK)-Einhei- 
ten zumindest teflweise zu neutralisieren. wodurch eine reaktlve waBrige Emulsion gebildet wird 

6. WaBrige Emulsion nach Anspruch 5. worin R^ = gemischte Perfluoralkylgruppen mit durchschnlttfich 6 bs 12 Koh- 
lenstoffen. Z = -OHg-. n = 1.ms0undR2 = Ethyl oder Methyl. 

7. WaSrige Emulskw nach Anspruch 6. worin p = 0, R, = Methyl oder Ethyl und R3 = H. 

a. WaBrige Emut8k>n nach Anspmch 7. worin R^ = C,- bis Ce-Alkyl. Phenyl. Octyl, leobutyl oder Cyanoethyl. 

9. W§Brige Emulsion nach Anspnich 5. umfassend, pro 1 00 Gewichtsteile V^l^sser, bis zu 66.7 Gewichtsteile Emul- 
gator. 

10. Beschichtet Oberfiache. umfas end ein Substrat mit daiauf abgeschieden r und getrocknet r Emulsion, die um- 
faBt 0.1 bis 40 Gewichtsproz nt bezogen auf das Gewteht d r Emulsion, eines durch die f Igende Forniel darge- 
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stellten polym ren Fluorkohlenstoff-Siloxans: 

R, -[OSi(R3)(OR, )],^0Si(R^)(OR, )]y^OSi(R^)(OR, )]^OR, 

worin X = 1 bis 1 00. y = 1 - bis 10-mal x, z = 0- bis 5-mal x; R, = gleiches od r unterschiedDches -(CHaCht-OOmRg 
mit m = 0 bis 5 und R^ = C^- bis Cy Alkyt; 

Rg = Rr2-(CH2)n-. worm Rf = PeffluoralkyI mft 3 bis 18 Kohlenstoffatomen, n = 1 bis 3 und Z = -CHg- cxier -0-; 
Rb = (R3)2N(CH2CH2N(R3)-)p-CH2CH2CH2- und p = 0 Oder 1 . R3 = H Oder • bis Ca-AIkyt; und R^ = C^- bis 0,2" 
Hydrocarbyl Oder Habgen-haltiges Hydrocarbyl, Phenyl, substituiertes Phenyl Oder CyanoaJkyl. 
und eine wirksame Menge etnes Emulgators mit einem l-ll_B-Wert von mindestens 14. urn gleichzeitig das polymere 
Ftuorkohlenstoff-Sibxan In einem vollstandig hydrolysiertenZustand zu haJten und das polymere Fluorkohienstoff- 
Sitoxan an einer meridichen Selbstkondensation zu hindem, und eIne wirtcsame Menge SSure, urn die Aminoai- 
lcylsilan(R|^Einheiten zumlndest teitweise zu neutralisieren, wodurch eine reaktive waBrige Emulsion geblidet 
wird. 

11. Beschichtete Oberflache nach Anspruch 10. worin Rf = gemischte PerfluoraJtcylgruppen mit durchschnittlbh 6 bis 
1 2 Kohlenstoff en, Z = -CH2-, n = 1 , m = 0 und Rg = Ethyl oder Methyl 

12. Beschichtete OberRache nach Anspmch 11. worin p = 0, R, = Methyl oder Ethyl und R^H. 

13. Beschichtete Oberflache nach Anspruch 12, worin = C^- bis Cg-Alkyl. Phenyl, Octyl. Isobutyi oder Cyanoethyl. 

14. Verfahren zur Herstellung einer wiBrigen Emulsion eines polymeren Fluorkohlenstolf-Silaxans. umfassend die 
folgenden Stufen: 

(a) Kondensation in Anwesenheit eInes Katalysators einer wirlcsamen Menge von: 

(i) einem oder mehreren Perfluoratkylalkoxysilanen der Formet 

R^-SKOfl,)3 . 

worin R^ = RfZ-(CH2)n* Rf = PerfluoralkyI mit 3 bis IB Kohlenstoffen, n = 1 bis 3 und Z = -CHg oder 
-O; und R^ = gleiches oder unterschledliches -(CH2CH2'0)^-R2, wobei m = 0 bis 5 und Rg = bis G3- 
Alkyl. 

(ii) einem oder mehreren substitulerten Aminoalkytalkoxysllanen der Formel: 

R^^KC>Ri)3 

worin Rb = (R3)2N-(CH2CH2-N{R3)-)p-CH2CH2CH2- und p = 0 oder 1 . Rg = H oder C,- bis Cg-Alkyl. 
und gegebenenfalls 

(iii) einem oder mehreren Kohlenwasserstdfsitanen der Formet: 

R^^l^0-Ri)3 (4) 

worin Re = C^- bis 0x2"^^^^^^^^ Halogen-haltiges Hydrocarbyl, Phenyl, substituiertes Phe- 
nyl Oder CyanoalkyI, wodurch ein polymeres Fluortohlenstoff-Sitoxan hergestellt wird, das dargesteltt wird 
durch die Formel: 

R,-[OSi(R^)(OR,)1^^0SI(R^,)(OR,)ly^OSi(R^)(OR,)]^0^^ 

worin x = 1 bis 1 00, y = 1 - bis lO-nral x, z = 0- bis 5-maJ x; R, = gleiches oder unterschledliches -(CH2CH2- 
0)njR2 mit m = 0 bis 5 und Rg = C,- bis Ca-AlkyI; 1% = RrZ-(CH2)n- worin Rp Perfluoralkyl mil 3 bis 18 
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KohJenstolfatomen. n = 1 bis 3 und Z = -CHj- oder -0-- 

b« C,2-Hydrocaibyl oder Halogen^mlUges Hydrocarbyl. Phenyl, substftuiertes Phe^ oder Cyanoallqrt. 

Sef SLirjr Gewichtsprozent des polymeren Ruorkohlenstolf-Siloxans in Wtesser. wel- 

lies enlhalt e^e wrksame Menge eines Emulgators mil einem HLB-Wert von mindestens 1 4 urn gleicteeitia 

Fluorltt.lnlenstoff-S.loxan an einer merldichen Selbsttondensalton zu iiindem, und eina effektlve MenoVSire 

IS. Varfahren nach Anspruch 15, worin p = 0. R, = Methyl oder Ethyl und R3 = H. 

17. Verfahren nach Anspruch 16. worin R, = C,- bis Ce-Alkyl. Phenyl. Octyl. Isobutyl oder Cyanoethyl. 

Revendieatlons 

1. Snoxanefluorocarbon6polym6ie.reprteent6parlafonnuleg§n6rale: 

R, •{OSKRa)PRi )]x^OSi(Rb)(OR, )Jy-IOSi(R J(OR, )]^-OR, 

tT^^Inl^ '^V^ ? ^^'^^^= -(CH^CH^-OWR, identique ou different avec m 

f^u^ ~ » ^ = fVZ-(CH2)„-. dans Iequel R,= perfluoroalkyle de 3 d 18 carbones n = 1 a 3 

•• ?n h:*S;Sl"f'r"!; ('^'^f^^'=H^P3)),-CH2CH^H3 e. p = 0 ou 1. F?= H ou allcyle en C^^etl^f 
un hydrocarbyle en C,^,^ ou un hydrocarbyle halog6n6. un ph6nyie. un ph^nyle substltud ou un cjanoalkyle! 

^ ^SlIL*"**"*^* ^^^'^ ^ revendication 1. dans Iequel Rf = des groupements perfluoroalkyle 

mdlangte avec une moyenne de 6 d 12 carbones. Z = ^Hg-, n = 1. m = 0 ei R^ = 6tt,yle ou methyle. 

3. Sibxane fluorocarbonS polym6re suivant la revendication 2. dans Iequel 1 p = 0. R, = mdthyle ou dthyle. et Rg = H. 
^^le o^^SSj^Je'"'^"' '""^ " ^ = alkyle en C,^ phSnyle. octyle. 

bone polymere raprdsentd par la foiniule : 

Ri-fOSi(RJ{OR,)),-[OSKR,^(OR,)Jy-{OSi(R^)(OR,)],OR, 

dans bquelie x = 1 i 100. y = 1 a 10 fois x. 2 = 0 a 5 fois x; R, = -(CHaCH^-O^-Rg identique ou diffdrent avec m 
t T " ^^V" "^1"^* ^= RrZ-(CH2)„-. dans iequel R,= perfluoroalkyle de 3 & 18 carbones. n = 1 a 3 

.!! h::S^'*°1L (R3)2N(CH2CH2N(R3)V-CH2CH2ChV el p = 0 ou 1 . R, = H ou alkyle en C,-^. et R, = 

un hydro^ibyte en C,-C,2 ou un hydrocarbyle haiog&^ un ph^nyle, un ph^e substitud ou un cyan^ikyle et 
unequantltd eflicace tfun dmuistonnant ayant une valeur HIB tfau moins 14 afin de simultan6ment garder l^dit 
silooane fluo>ocarbon6 polymere dans un dtat totaiement hydrolysfi et d-inhibar une auto<»ndensation signfficative 
dudit siioBcane fluorocarbond polymers, et une quantity eflicace tfackle afln da neutraflser au moins partieiiement 
les parties aminoaliqrtsnane (R^), ce qui forme ainsi una dmulskm aqueuse rtaetive. 

6. Emulston aqueuse suivant la revendfcattonS. dans laquelie F\= des groupem ntsp rfluoroalkyte m6lang6savec 
unemoyannede66l2carbones.2 = -CH2..n=1.m = 0etR2=«hyteoum«hyle. 
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7. Emulsion aqueuse suivant la r vendicalnn 6. dans laquelie p = 0, = mdthyle ou dthyie, et R3 = H. 

8. Emulsion aqueus suivant la revendication 7. dans laqueHe f\ = alkyle en C^-C^. phenyte, octyle, isobutyle ou 
. cyanodthyle. 

9. Emulsion aqueuse suivant la revendication 5, comprenant jusqu'^ 66.7 parties en poids d'dmulsbnnant par 100 
parties n poids tfeau. 

10. Surface revdtue, comprenant un substrat sur lequel on a d^pos6 et s§ch6 une Emulsion comprenant de 0,1 & 40% 
en poids, sur t>ase du poids d'emulsion. tfun siloxane fluorocarbond polymdre repr^senti par ia formule : 

R, HOSi(R J(OR, )t40Si(R^)(0R, )]y40Si(R^)(OR, )]^OR, 

dans laquelie x = 1 & 100, y = 1 S 10 fois x, 2 = 0 & 5 fois x; Ri = -(CH2CH2-0)^-R2 identique ou different avec m 
= 0 & 5 et R2 = allcyle en O^-O^ Ra = ^^-{OH^n'^ dans lequel Rj = perfluoroalkyle da 2 k 18 carbones, n = 1 & 3 
et Z = -CH2- ou R,> = (R3)2N(CH2CH2N(R3))p^H2CH2CH2- etp = 0oul.R3 = Hou aikyie en C^-Cg. et Re = 
un hydrocarfoyle en C^-C^2 ou un hydrocartyie halog^d, un ph^nyle. un phdnyle substitu^ ou un cyanoallcyle. 

et une quantity efficace d*un ^mulsionnant ayant une valeur HLB tfau moins 1 4 afin de simultan^ment garder 
ledrt siloxane fluorocarbon^ polym^re dans un etat totalement hydrolys6 et d'inhiber une auto-condensatbn signi- 
ficative dudit siloxane f)uorocart>on6 potym^re, et une quantity efficace d'acide afin de neutraliser au moins par* 
tiellement les parties aminoalkytsitane (l\), ce qui forme ainsi une emulsion aqueuse reactive. 

11. Surface revitue suivant la revendication 10. dans laquelie Rf = des groupements perfluoroalkyle mSlangte avec 
une moyenne de 6 & 12 carbones, Z = -CH2', n = 1,m = 0etR2 = #thyle ou m^lhyle. 

12. Surface revitue suivant la revendication 11 . dans laquelie p = 0. R, = methyle ou ethyle. et Rg = H. 

13. Surface rev§tue suivant la revendicalbn 12, dans laquelie F\ = alkyle en C^-Ca, phenyie, octyle, isobutyle ou 
cyano6thyle. 

14. Precede de preparation d*une dmuisbn aqueuse d'un sibxane fluorocait^one polymere, comprenant les etapes 
consistant k : 

(a) condenser en presence d*un catalyseur une quantity efficace de : 

(i) un ou piusieurs perfluoroalkylalkoxysilanes de formule : 

R3.S|.(Ofl,)3 

dans laquelie R^ = RrZ-(CH2)n-, et Rf = perfluoroalkyle de 3 ^ 1 B carbones, n=1^3etZ = -CH2- ou -0-. 
et R^ := -(CH2CH2-0)m'R2 bentique ou different avec m = 0^5etR2 = alkyle en C^-Cg; 

(ii) un ou piusieurs aminoalkylalkoxysitanes substitues de formule : 

Rj^-SKO-R,)3 

dans laquelie R^ = {R3)2N(CH2CH2N(R3))p-CH2CH2CH2- at p = 0 ou 1. R3 = ou alkyle en C^-Cg et. facul- 
tativement, 

(lii) un ou piusieurs silanes hydrocarbon6s de formule : 

R^^i-(0-R,)3 (4) 

dans laquelie R^ = un hydrocarbyle en Ci-C^2 hydrocarbyle halogSnd. un phdnyte, un phdnyle 
substitud ou un cyanoalkyle, ce qui produit un siloxane flu rocarbond polymere r pr6sentd par la formule : 
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Ri-fOSI (RJ (OR,)J,40Si(R,){OR,)]y^OSi (R,)(OR,)J^OR, 

n - 1 * 3 «t 7^1 ^ = fVZ-(CH2)„-. dans lequel R, = p rtluoroalMe de 3 a 18 

Ho^t^^Z^r^ , I = (R3)2N(CH2CH2N(R3))p-CH2CH2CH2- et p = 0 ou 1 R, - 

una quarm effective cTun 6mulsionnant ayant une valeur HLB cfau moins U afin de 8imul^7m^S^«]r 
ledtt 8,teane „u«ocart»a6 polymere dans un etat tatalement hydroJTet ^^^Z^^!^^^^ 
Z!?S^l? " '/f'^' Polym^re. et une cua^tB* effective ^^TS^ 

mo»« partellemem les parl.es aminoalkylsilane (I^. ce qui fom^ ainsi une Emulsion aTueVse rS^S^ 

16. Proc§d6 suivant ia revendioation 15. dans lequel p = 0. R, = mdthyle ou 6thyle, et R, = H. 

17. Proc&Ji suivant la revendication 16. dans lequel F^=alkyle en C,-C3.ph6nyle.oclyle. feobulyle ou cyano6thyle. 



16 



